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(57) ABSTRACT 

A universal input/output device for an industrial automation 
control System includes a housing, a power Supply for 
connecting to a Voltage Source, an input/output circuit for 
communicating with an industrial process, and a network 
adapter circuit for communicating data to and from a data 
network. The device also includes a backplane communica 
tion circuit for Sending backplane data upstream and down 
Stream along a backplane, and a device Setup control circuit. 
The device Setup control circuit performs an initialization 
process to configure said device as one of: (i) a Stand-along 
block I/O device; (ii) a network adapter module of a modular 
I/O device; or (iii) an I/O module of a modular I/O device. 
The configuration method is automatic and based upon data 
being received into the device. 
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INTELLIGENT SELF-DETERMINING I/O DEVICE 

BACKGROUND 

0001. The present development relates to an intelligent 
Self-determining input/output (I/O) device and to an indus 
trial automation control System including Same. Industrial 
automation control Systems comprise an industrial control 
ler, which is a Special purpose computer used for controlling 
industrial processes and manufacturing equipment on a 
real-time basis. Under the direction of a Stored program, the 
industrial controller examines a set of inputs reflecting the 
Status of the controlled proceSS and changes a Set of outputs 
controlling the industrial process. The inputs and outputs 
may be binary or analog. Typically, analog signals are 
converted to binary data for processing. 
0002 Industrial controllers differ from conventional 
computers in that their hardware configurations vary Sig 
nificantly from application to application reflecting their 
wide range of uses. This variability is accommodated by 
constructing the industrial controller on a modular basis 
having removable input and output (I/O) modules that may 
accommodate different numbers of input and output points 
depending on the process being controlled. The need to 
connect the I/O modules to different pieces of machinery 
that may be spatially Separated has led to the development 
of distributed I/O systems that take a variety of forms. In one 
example, a single discrete or “block I/O module is located 
where desired. The block I/O module contains digital or 
analog I/O circuits, a built-in power supply, and a built-in 
network adapter for communicating with the industrial con 
troller. In another example, the distributed I/O installation is 
modular in the Sense that a Single network adapter module 
is connected to the data network, and one or more I/O 
modules, as needed, are connected to the adapter module for 
communication with the industrial controller through the 
Single network adapter module. 
0003. One drawback associated with known industrial 
automation control Systems is that the I/O modules and 
asSociated adapter modules must be Supplied in numerous 
different configurations in terms of the electrical connectors, 
the internal digital/analog I/O circuitry, the enclosure rat 
ings, and the like. AS Such, it has been deemed desirable to 
provide an I/O module that functions in both a “block” or 
Stand-alone mode, as well as in a modular mode. This, then, 
eliminates the need to provide I/O devices in both the block 
I/O and modular I/O embodiments. 

SUMMARY 

0004. In accordance with the present development, a 
universal input/output device for an industrial automation 
control System includes a housing, a power Supply for 
connecting to a Voltage Source; an input/output circuit for 
communicating with an industrial process, a network 
adapter circuit for communicating data to and from a data 
network, a backplane communication circuit for Sending 
backplane data upstream and downstream along a back 
plane, and, a device Setup control circuit that performs an 
initialization process to configure the device as one of: (i) a 
Stand-along block I/O device; (ii) a network adapter module 
of a modular I/O device; or (iii) an I/O module of a modular 
I/O device. 

0005. In accordance with another aspect of the present 
development, an industrial automation control System com 
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prises at least two intelligent Self-determining I/O devices. 
Each of Said I/O devices comprises a housing, a power 
Supply for connecting to a Voltage Source; an input/output 
circuit for communicating with an industrial process, a 
network adapter circuit for communicating data to and from 
a data network, a backplane communication circuit for 
Sending backplane data upstream and downstream along a 
backplane; and, a device Setup control circuit that performs 
an initialization process to configure Said device as one of: 
(i) a Stand-along block I/O device; (ii) a network adapter 
module of a modular I/O device; or (iii) an I/O module of a 
modular I/O device. 

0006. In accordance with a further aspect of the devel 
opment, a method for constructing an industrial automation 
control System comprises connecting a plurality of intelli 
gent Self-determining I/O devices to a data network. An 
initialization routine is performed with each of the intelli 
gent Self-determining I/O devices. The initialization routine 
comprises, for each of the intelligent Self-determining I/O 
devices: (a) determining if network data are being received 
into the device; (b) determining if upstream backplane test 
data are being received into the device; (c) determining if 
downstream backplane test data are being received into the 
device; and, (d) configuring the device as one of (i) a 
Stand-along block I/O device; (ii) a network adapter module 
of a modular I/O device; or (iii) an I/O module of a modular 
I/O device based upon whether at least one of network data, 
upstream backplane test data, and downstream backplane 
test data are received into the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The development comprises components and 
arrangements of components, and/or various StepS and 
arrangements of Steps, preferred embodiments of which are 
disclosed herein and shown in the drawings that form a part 
hereof, wherein: 
0008 FIG. 1 (prior art) is a simplified perspective view, 
in partial phantom, of a distributed modular I/O System 
having an adapter communicating on a backplane to one or 
more detachable I/O modules; 
0009 FIG. 2 (prior art) is a block diagram of the dis 
tributed I/O system of FIG. 1 showing the interconnection 
of the adapter to the I/O modules via backplane data 
conductors and slot address Signals, 
0010 FIG. 3 (prior art) is simplified diagrammatic illus 
tration showing a distributed block I/O module and also the 
distributed modular I/O system of FIG. 1 as part of an 
overall industrial automation control System; 
0011 FIG. 4 shows the block I/O module and the modu 
lar I/O system of FIGS. 1-3 replaced with intelligent self 
determining I/O devices in accordance with the present 
development; 
0012 FIG. 5 is a diagrammatic illustration of a single 
intelligent Self-determining I/O device formed in accordance 
with the present development; 
0013 FIG. 6 is a flow chart that discloses an initialization 
process for an intelligent Self-determining I/O device formed 
in accordance with the present development. 

DETAILED DESCRIPTION 

0014) Referring now to FIG. 1, an I/O system 10 for use 
with an industrial controller includes a network adapter or 
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network adapter module 12 providing a connection 14 to a 
high-speed, serial network 16. The network 16 may be any 
one of a number of high-speed Serial networks including 
ControlNet, EtherNet or the like. The adapter module 12 
communicates over the network 16 with an industrial con 
troller (not shown) to receive output data from the industrial 
controller or to provide input data to the industrial controller 
to be processed according to a control program. 

0.015 The adapter module 12 communicates with a back 
plane 18 to connect it to one or more I/O modules 20. The 
I/O modules 20 connect via I/O lines (e.g., electrical cables, 
fiber optic cables, etc.) 24 with a controlled process 26. As 
is understood in the art, the I/O modules 20 convert digital 
data received over the backplane 18 from the adapter mod 
ule 12 into output signals (either digital or analog) in a form 
suitable for connection to the industrial process 26. The I/O 
modules 20 typically also receive digital or analog signals 
from the industrial proceSS 26 and convert it to digital data 
suitable for transmission on the backplane 18 to the adapter 
module 12. 

0016 Modularity of the I/O system 10 is provided 
through a rear extending connector 28 on each I/O module 
20 which may be mated with any one of a number of 
connectors 30 extending from the front surface of the 
backplane 18. The connectors 30 are each associated with 
“slots' providing mechanical features (not shown) for oth 
erwise securing the I/O module 20. 

0.017. In the shown parallel bus embodiment, connectors 
30 receive parallel data bus conductors 32, over which data 
may be read and written, and slot address Signals 34 which 
are enabled one at a time to indicate the slot and hence the 
I/O module 20 for which the data of data bus conductors 32 
is intended or from which data is being Solicited. The data 
bus conductors 32 also include control lines including a 
clock and read/write line indicating timing for a data transfer 
according to techniques well known in the art. 

0.018. In an alternative serial bus embodiment, not shown, 
Slot address Signals are attached to the data blockS Sent over 
a Serial data bus connector or are implicit in the ordering or 
timing of the data blocks being sent. While the invention is 
applicable to both Serial and parallel buS embodiments, only 
the former will be discussed in detail from which description 
the latter will be apparent to those of ordinary skill in the art. 
0019 Referring now to FIG. 2, the adapter module 12 
includes a network interface 35 communicating with the 
connector 14 to decode and encode data eXchanged with the 
network 16. The network interface 35 in turn communicates 
with an internal bus 36 which connects the network interface 
35 to a processor 38 and a memory 40. The memory 40 
includes a buffer 42 (divided into input and output Sections) 
and an operating program 44 allowing the processor 38 to 
operate on the data passing on the internal bus 36 according 
to the methods of the present invention as will be described. 
The adapter module 12 also includes a power supply PS. 
0020. The internal bus 36 also connects to backplane data 
interface 46 and backplane address decoder 48. I/O modules 
20a-20c, when connected to the backplane 18, communicate 
with the data bus conductors 32 and slot address signals 34 
via a backplane interface 50a-50c, respectively. Each I/O 
module 20a-20c comprises I/O circuitry C that: (i) connects 
via I/O lines 24 with a controlled process 26; (ii) converts 
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digital data received over the backplane 18 from the adapter 
module 12 into output signals (either digital or analog) in a 
form Suitable for connection to the industrial process 26; 
and/or, (iii) receives digital or analog signals from the 
industrial proceSS 26 and converts it to digital data Suitable 
for transmission on the backplane 18 to the adapter module 
12. 

0021 More particularly, in each I/O module 20a-20c, 
backplane interface 50 (each component denoted a-c to 
reflect the particular I/O module) in turn communicates with 
an internal bus 52 (i.e., 52a, 52b, etc.), which communicates 
with an internal processor 54 and memory 56, the latter 
which includes a buffer portion 58 and an operating program 
60. The internal bus 52 also communicates with I/O circuitry 
62 providing level shifting, conversion and filtering neces 
Sary for the interface to the controlled process. The back 
plane interface 50 and address decoders 48 and 46 may be 
application-specific integrated circuits (ASICs). 
0022 AS is generally known in the art, the network 
adapter 12 and at least one of the I/O modules 20a-20c can 
be integrated into a single enclosure to define a “block” I/O 
device 10b as shown in FIG. 3. FIG. 3 illustrates the block 
I/O device 10b and also the modular I/O system 10 of FIGS. 
1 and 2 as part of an industrial automation control System S. 
More particularly, an industrial controller 100 comprising a 
Scanner is connected to the data network 16. The block I/O 
device 10b and modular I/O system 10 are connected to the 
network 16 via respective network adapters 12 and are 
located remotely from the controller 100. As noted above, 
the modular I/O system 10 comprises multiple I/O modules 
20a-20d. The I/O circuits C of the devices 10,10b connect 
via I/O lines 24 with one or more controlled processes 26. 
The I/O circuits C convert digital data received from con 
troller 100 via network adapter 12 into output signals (either 
digital or analog) for input to the industrial process 26. 
Likewise, the I/O circuits C receive digital or analog signals 
from the industrial proceSS 26 and convert Same to digital 
data suitable for input to controller 100 via network adapter 
12. 

0023. A known industrial control system S, such as that 
illustrated in FIG. 3, can be thought of as comprising three 
potential types of I/O devices: a block I/O device 10b, a 
network adapter module 12 of a modular I/O device 10; or, 
an I/O module 20 of a modular I/O device 10. Also, the I/O 
modules 20 can be further Sub-classified as: a terminal I/O 
module; or an intermediate I/O module. A “terminal I/O 
module is the final or most downstream module (20d in the 
illustrated example) in a series of modules operably con 
nected to the network adapter module 12; an “intermediate' 
I/O module is any module 20a-20c located between the 
network adapter module 12 and the terminal module of the 
modular I/O device 10. Those of ordinary skill in the art will 
recognize that the modular I/O System 10 can comprise only 
the network adapter module 12 and a single I/O module 20, 
in which case the single I/O module 20 would be deemed the 
terminal I/O module. 

0024. As shown in FIG.4, in accordance with the present 
development, it has been deemed desirable to provide mul 
tiple units of a single type of universal distributed I/O device 
D (labeled as D1, D2, D3a,D3b but shown generally at D in 
FIG. 5) that can function as any one of the above I/O 
devices: (1) as a block I/O device D1; (2) as a network 
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adapter module D2; (3) as an end I/O module D3a; or, (4) 
as an intermediate I/O module D3b. Furthermore, the device 
D is intelligent and Self-determining in that it performs an 
initialization process by which it determines its role accord 
ing to its operative location in an industrial control System 
S. 

0025. With reference now to FIG. 5, each I/O device D 
comprises a housing or enclosure 120 that is Sealed to 
prevent ingreSS of environmental contamination Such as 
water, air, dirt, etc. In one example, the housing 120 meets 
Standards Such as IP67 NEMA 4X/6P and the like. The 
device D must be able to function as a conventional block 
I/O device and, thus, the housing 120 contains all compo 
nents of a block I/O device Such as the device 10b described 
above, i.e., a power Supply PS, a network adapter 12, at least 
one I/O circuit C. The I/O circuit C communicates with a 
process 26 (not shown in FIG. 5) via I/O lines 24 that 
connect to the I/O circuit via conventional plug type con 
nectors or the like. The power supply PS is connected to a 
Voltage input line V. The network adapter 12 is connected to 
data network 16 via connection 14. 

0026. Unlike a conventional block I/O device 10b, the 
device D further comprises a device setup controller 130 and 
a backplane communication circuit 132. The device Setup 
controller 130 is provided as any suitable electronic con 
troller device Such as a programmed general purpose micro 
controller or another device Such as a dedicated electronic 
circuit, e.g., an ASIC, and is configured to control operation 
of the device D and, in particular, an initialization proceSS 
(FIG. 6) by which the device D performs a self-determina 
tion routine in order to identify its intended use based upon 
its operative installed location in an industrial automation 
system S'. 

0027. The backplane communication circuit 132 is pro 
Vided as any Suitable wired or wireleSS communication 
circuit by which the device D is able to transmit I/O and 
associated data upstream (i.e., toward the industrial control 
ler 100) or downstream (i.e., away from the industrial 
controller 100) to another device D and/or to the controller 
100 via network 16 as disclosed above in connection with 
the backplane 18 of modular I/O device 10. Upstream and 
downstream devices D are connected to each other by way 
of the backplane communication circuit 132 using electrical 
and/or fiber optic cables and/or wireleSS protocols to con 
struct a data backplane 118 (FIG. 4) by which the upstream 
and downstream devices D send and receive I/O data 
to/from each other and, ultimately, to/from the industrial 
controller 100. It should be noted that if a wireless protocol 
is implemented by the backplane communication circuit 
132, it should be short-range and/or line-of-Sight or other 
wise configured to ensure that a plurality of the devices D 
that form part of a control System S' do not receive extra 
neous backplane data Signals, i.e., each device D must be 
able to determine its location relative to any other devices D 
as described below and extraneous backplane data Signals 
could be undesirable to this process. Examples of Suitable 
communications circuits to be implemented by the back 
plane communication circuit 132 include hard-wired circuits 
and/or wireless circuits. 

0028 FIG. 6 illustrates the initialization process imple 
mented by the device setup controller 130 upon power-up of 
each universal I/O device D installed in the control system 
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S'. In a step S1, the setup controller 130 determines if the 
device D is receiving network data into the network adapter 
12. If yes, the setup controller 130 implements a step S2 to 
Send backplane test data downstream via backplane com 
munication circuit 132. A step S3 is then implemented by the 
setup controller 130 to determine if a response/acknowl 
edgement to the data Sent in Step S2 is received via back 
plane communication circuit 132. If not, the Setup controller 
130 sets the configuration of the device D as a stand-alone 
block I/O device as shown at D1 in FIG. 4. If the setup 
controller 130 determines via step S3 that a response is 
received to the data Sent in Step S2, the controller Sets the 
configuration of the device D as an I/O network adapter 
module as shown at D2 in FIG. 4. 

0029. If the setup controller determines through the step 
S1 that no network data are being received into the network 
adapter 12, control passes to a Step S4 wherein the Setup 
controller 130 checks to see if upstream backplane test data 
(i.e., data from upstream) are being received via backplane 
communication circuit 132. If not, the setup controller 130 
determines that an error condition is present because the 
device D is not receiving any network data and is not 
receiving any upstream backplane test data. If the Step S4 
indicates that upstream backplane test data are being 
received via backplane communication circuit 132, the Setup 
controller 130 carries out a step S5 to send a response 
upstream (i.e., an acknowledgement signal) on the back 
plane communication circuit 132 to the device D from which 
the upstream backplane test data are being received. 
0030. Before or after or concurrently with step S5, the 
setup controller 130 implements a step S6 to send backplane 
test data downstream via backplane communication circuit 
132. In a step S7, the setup controller 130 checks to see if 
any acknowledgement response is received on the backplane 
communication circuit 132 to the data Sent downstream in 
Step S6. If a response is received according to Step S7, the 
setup controller 130 configures the device D as an interme 
diate I/O module as shown at D3b in FIG. 4; if no response 
is received according to the step S7, the setup controller 130 
configures the device D as a terminal I/O module as shown 
at D3a in FIG. 4. 

0031. It should be noted that each device D used in an 
industrial control system S' can have a different I/O circuit 
C relative to the other devices used in the system S". The I/O 
circuit C of each device is configured with the needed 
input/output connectors for mating with I/O lines 24 and 
other capabilities (e.g., digital, analog, etc.) as needed. 
0032 Modifications and alterations will occur to those of 
ordinary skill in the art. It is intended that the following 
claims be construed literally and/or according to the doctrine 
of equivalents So as to encompass all Such modifications and 
alterations to the fullest extent available under the law. 

1. An universal input/output device for an industrial 
automation control System, Said device comprising: 

a housing: 
a power Supply for connecting to a Voltage Source; 
an input/output circuit for communicating with an indus 

trial process, 
a network adapter circuit for communicating data to and 

from a data network, 
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a backplane communication circuit for Sending backplane 
data upstream and downstream along a backplane; and, 

a device Setup control circuit that performs an initializa 
tion process to configure said device as one of: (i) a 
Stand-along block I/O device; (ii) a network adapter 
module of a modular I/O device; or (iii) an I/O module 
of a modular I/O device. 

2. The universal input/output device as Set forth in claim 
1, wherein Said device Setup control circuit further config 
ures said device as one of: (i) a terminal I/O module; or, (ii) 
a intermediate I/O module. 

3. The universal input/output device as set forth in claim 
1, wherein Said device Setup control circuit comprises means 
for Sending and receiving backplane test data to adjacent 
devices via Said backplane communication circuit, and 
wherein Said Setup control circuit configures Said device 
based upon receipt of an acknowledgement response from 
an adjacent device Via Said backplane communication cir 
cuit. 

4. The universal input/output device as Set forth in claim 
3, wherein Said backplane communication circuit comprises 
a wireleSS communication circuit for Sending and receiving 
wireless backplane data to upstream and downstream 
devices. 

5. An industrial automation control System, Said System 
comprising at least two intelligent Self-determining I/O 
devices, each of Said I/O devices comprising: 

a housing; 
a power Supply for connecting to a Voltage Source; 
an input/output circuit for communicating with an indus 

trial process, 
a network adapter circuit for communicating data to and 

from a data network; 
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a backplane communication circuit for Sending backplane 
data upstream and downstream along a backplane; and, 

a device Setup control circuit that performs an initializa 
tion process to configure said device as one of: (i) a 
Stand-along block I/O device; (ii) a network adapter 
module of a modular I/O device; or (iii) an I/O module 
of a modular I/O device. 

6. A method for constructing an industrial automation 
control System, said method comprising: 

connecting a plurality of intelligent Self-determining I/O 
devices to a data network, 

performing an initialization routine with each of Said 
intelligent Self-determining I/O devices, Said initializa 
tion routine comprising for each of Said intelligent 
self-determining I/O device: 

(a) determining if network data are being received into 
Said device; 

(b) determining if upstream backplane test data are being 
received into Said device; 

(c) determining if downstream backplane test data are 
being received into Said device; and, 

(d) configuring said device as one of (i) a stand-along 
block I/O device; (ii) a network adapter module of a 
modular I/O device; or (iii) an I/O module of a modular 
I/O device based upon whether at least one of network 
data, upstream backplane test data, and downstream 
backplane test data are received into Said device. 


